Abstract. The following characteristics of solar radiation in the spectral range from X-rays at 0.1 nm to the millimeter radio waves are given: spectral flux distributions in energy units at the 1 AU distance from the Sun, spectral radiance of the center of the solar disk, mean spectral radiance of the solar disk, limb darkening and blanketing coefficients. The most recent data have been taken into account. In comparison with our monograph (Makarova et al. 1991) , the data are given with smaller wavelength steps and averaging bins. Since the fluxes in the far ultraviolet and X-ray ranges depend on the activity level, in the wavelengths <120 nm we present the data for the minimum and maximum of solar activity.
INTRODUCTION
Flux distribution in the solar spectrum, limb darkening and its wavelength dependence, the amount of energy absorbed by spectral lines in the spectrum (blanketing effect) and the solar constant are fundamental parameters of the Sun. Their determination is a labor-consuming job, affected by many sources of systematic errors.
Till now tens of investigations of these parameters have been made. However, due to undetected errors, their results differ by 10 % or even more, what exeeds considerably the error bars estimated by the authors. A question arises -how to obtain the values most approximated to the reality.
We consider that the best solution of the problem is to take the average of the results of various authors supposing that their hidden systematic errors may be considered as accidental errors with respect to the whole data complex, and these errors will be diminished in the averaging process.
The used sources of the solar data and their averaging are described in our two monographs (Makarova & Kharitonov 1972 and Makarova, Kharitonov & Kazachevskaya 1991, hereafter MKK-91). They also include a description of general problems of absolute spectrophotometry, radiation scaling, atmospheric extinction etc.
The MKK-91 investigation takes into account only the most reliable results selected by an objective method based on a comparison with the results of stellar photometry.
However, during the latest decade some new comprehensive investigations of the solar parameters have appeared. Also we have realized that the data given in MKK-91 had too crude wavelength bins, what prevented their use for some computations. Therefore, we have recalculated some final tables, taking into account the new results and using smaller wavelength bins. To be complete, some tables from MKK-91 are repeated here even if they have not been changed. We consider separately the wavelength ranges smaller and larger than 300 nm.
DEFINITIONS AND-DESIGNATIONS
Here we give definitions and designations of the main quantities which characterize the solar radiation data of Tables 1-11. /(A,0) -spectral radiance flux of the solar disk center which leaves it in normal direction, measured in erg/(ssrcm 3 ) or photons/(scm 3 ); /(A,0) -spectral radiance flux leaving the solar surface by the angle 8 to the normal, sometimes designated as J(A, fi) where ficos 8\ F(A) -1/tt J /(A, 9) cos 6 du -spectral radiance flux averaged over the solar disk, measured in erg/(ssr cm 3 ); F/I = i r (A)/I(A, 0) -ratio of the mean radiance flux of the disk to the flux at its disk center; 5(A) -spectral irradiance or the flux F(A) received outside the Earth's atmosphere at the mean Sun-Earth distance of 1 AU (spectral density of irradiance), measured in erg/scm 3 ); j(XjS) = I(A, 8)/I(\, 0) -the limb darkening coefficient at the wavelength A; rj = HW\/AA -the blanketing coefficient for the wavelength interval AA, where W\ is the equivalent width of a line.
These quantities are sometimes used either with the subscripts "cont" and "int" what means the continuum or the integral spectrum (continuum plus lines), or with subscripts "disk" and "cent" what means that the data correspond to the whole disk or to its center.
In the next section we give the tables and a short information on how they are composed. Table 1 gives the most reliable data on the blanketing coefficients r] for the disk center and the whole disk as well as the ratio F(X)/I(X, 0), i.e. the fluxes for the disk and for the center, corresponding to the continuum and to the integral spectrum (including lines).
SPECTRAL REGION A > 300 NM

Disk limb darkening and blanketing effect
Limb darkening in the continuum
The given data on (F/I)cont are based on the limb darkening measurements in the continuum obtained by , and Neckel & Labs (1994) . The results of these measurements are in accordance within the errors if in the case of the limb darkening is approximated by a polynomial of the 5th degree as a function of ln/i (// = cos 0). As it was shown by Makarova et al. (1990) , in the polynomial of the 5th degree as a function of /J, has been applied incorrectly. This conclusion is confirmed by a comparison of the results of Neckel & Labs (1994) and . The systematic difference between and Neckel & Labs (1994) , shown in Fig. 3 of Neckel & Labs, almost disappears if the polynomial as a function of In fi is used. Since in the studies of and Neckel & Labs (1994) limb darkening functions j(fi) are given in the analytic form (see also Neckel 1996) , the corresponding ratios (F/I) co nt are computed by integration:
The obtained dependence (F/I) co nt in the "continuum points" from the wavelength was smoothed and transformed to 5 nm bins with the centers listed in Table 1 .
In many cases it is necessary to know the observed limb darkening law for different wavelengths, i.e. the function j cont (A, 8) . Numerical data of this function for different wavelengths and positions on the disk are given in Table 2 . This table is a result of joining and smoothing the measurements by , and Neckel & Labs (1994) which were discussed above. The data of Table 2 are somewhat different from similar data given in Table lb of MKK-91, since now we have used only the most accurate values of limb darkening, while earlier (in MKK-91) we had taken the weighted mean of all measurements made during the last 50 years.
The limb darkening measurements of Pierce et al. (1977a,b) and other investigations up to 1990 are described in detail in MKK-91. The results of Pierce et al. stand out from other works by their detailed coverage of the spectrum (112 values of A in the 303-2402 nm range), high spectral and spatial resolution (the diameter of the primary image of the Sun is ~ 80 cm), careful account of distorsions introduced by the atmosphere and instrumentation. The same method and the same telescope (McMath-Pierce telescope of the Kitt Peak Observatory) were used also by Neckel & Labs (1994) to measure the limb darkening during the solar minimum of 1986-1987 in 30 wavelengths between 303-1099 nm. We suppose that the united data of Pierce et al. and Neckel & Labs give the most accurate information about solar limb darkening in the continuum.
Blanketing coefficients for the disk center
The values of blanketing coefficients for the solar disk center, ?7centi given in column 4 of Table 1 , are also obtained from the most accurate measurements of this parameter. Evaluation of the accuracy of the available blanketing measurements is given in Section 4 l (1) o of MKK-91. In the 297.5-327.5 nm range the data are from Osipov (1986) . In A < 317.5 nm they were measured from the atlas of Kohl, Parkinson & Kurucz (1978) while in the longer wavelengths the reduced measurements of Houtgast & Namba (1968) were used. In the range 332.5-357.5 nm we took the data of Neckel & Labs (1985) . In the range 362.5-502.5 nm the data r? cen t of Table 1 are the weighted mean values from Neckel & Labs (1985) (weight 2) and from Osipov (1986) (weight 1). In wavelengths of 507.5-682.5 nm the results of Ardeberg & Virdefors (1975 , 1979 are added (weight 0.5). At A > 687.5 nm the blanketing coefficients rj cent were obtained by Neckel & Labs (1984) by summing up the equivalent widths of lines and adding 0.005. Since this procedure makes the results less accurate, in this case we have ascribed equal weights to all the sources. For averaging we took the results of Neckel & Labs (1984) for A < 867.5 nm, the results of Osipov (1986) for A < 927.5 nm and the results of planimetry of the Wallace et al. (1993) atlas for 737.5-997.5 nm (done for us by N. N. Morozova). In all the cases the results were transformed to the standard 5 nm bins.
3.1.3. Limb darkening in the integral spectrum and blanketing coefficients for the whole disk
The ratios of the mean radiance to the central radiance in the integral spectrum, (F/I)¡ nt , and the blanketing coefficients i?disk of the whole Sun as a star, are not so well investigated by observations. In A < 317.5 nm we have combined the limb darkening data in the integral spectrum published by Moe & Milone (1978) and Moe (1983) . The measurements in the first of these papers are given for fi = 0.729, 0.320, 0.228, 0.158, 0.092 and 0.065 in the form of polynomials of the first order as a function of ¡x and of the second order as functions of ¡J, and In
In the second paper they are given for /i = 0.23. Since the measurements are absent in the disk center but are concentrated near edge, polynomials of the second order cannot represent the limb darkening in the integral spectrum. Thus, we have used only a linear approximation:
Equations (1) and (2) have been used to calculate (F/I)i nt for the measurements of Moe & Milone (1978) and Moe (1983) . It is found that (F/I) mt for the second paper are by 2 % smaller than for the first paper. This difference is taken into account by multiplying (F/I)int for the first work by 0.99 (mean value of 0.98 and 1.00). These results can be considered as most accurate values of this ratio and are given in Table 1 for the 297.5-317.5 nm interval. Here the blanketing coefficients r/disk are calculated from the equation:
This equation shows that the four parameters of Table 1 can be calculated if we know (F//)cont, ^cent and R. The systematic errors of R should be lower if both (F/I)¡nt and (F/I)COIit are taken from the same investigation. Probably this is the case when R are calculated from r/disk and 77cent measured together (see Eq. (3)). This takes place in Table 1 for 322.5-667.5 nm. Here we have used the limb darkening measurements in the integral and continuous spectra made by Osipov (1986) , as well as data from Neckel & Labs (1984) , transformed to the wavelengths and spectral intervals of our table. We find that the agreement of the ratios R for the Osipov and NeckelLabs data are much better than of (F/1)¡nt obtained in both studies (see Fig. 6 in Osipov 1987) . When calculating the weighted mean value of R, Osipov's data were taken with weight 1 and the NeckelLabs data with weight 2.
In the wavelengths 672.5-997.5 nm the ratio R was estimated only approximately since here some necessary observational data are missing. For this estimation we have extrapolated our values of R in 532.5-647.5 nm. In these wavelengths individual values of R do not depend on the value of the corresponding blanketing coefficient r}cent and their mean value is R = 0.998. The ratios R were extrapolated to the red and infrared spectrum using the following correlations:
An exception is the vicinity of the infrared triplet Call for which the data on the blanketing effect are present for the whole disk (Table 9 in Neckel & Labs 1984) as well as four spectral windows, including the Paschen lines P8, P9 and P10, for which we accepted that r/diskr/centTo summarize, we are confident that Table 1 does not contain internal discrepancies. At each wavelength the parameters satisfy Eq. (3) what is a consequence of mathematically strict determination of the blanketing coefficients.
S.2. Spectral flux distribution
3.2.1. The 300-1000 nm range
The used sources of the flux distribution in the solar spectrum and the methods of their selection and averaging are described in MKK-91. Only some corrections have been introduced. The data of Neckel & Labs (1984) and Arvesen et al. (1969) were reduced anew to a binning interval of 5 nm. Also, the Arvesen et al. data were multiplied by 0.984 for their better adjustment with the solar constant which is known with high accuracy.
The results of the following two investigations are included additionally. Lockwood, Tug & White (1992) have compared spectra of the Sun and Vega. Vega's spectral flux distribution was taken from another work of the same authors (Tug, White & Lockwood 1977) . This flux curve is not very different from the mean Vega's flux curve given by Hayes (1985) , which is considered as the standard one by most investigators. Consequently, the Lockwood et al. (1992) solar flux distribution curve may be considered being in the standard absolute calibration.
The results of Lockwood et al. (1992) are given with a step of 0.4 nm and the binning intervals of 0.6 and 1.2 nm. The flux curve is corrected for the extinction in the Earth's atmosphere caused by the Rayleigh and aerosol scattering and the ozone absorption, but not by the telluric water and oxygen bands. We have excluded these bands in the following way: the published data were reduced to the 5 nm bins, then a quasi-continuum was drawn and the atmospheric bands were excluded by interpolation, after that the blanketing corrections from Table 1 were added.
The Kiev Observatory group (Burlov-Vasiljev et al. 1995 , 1996 made solar spectrophotometry by a classical method: they compared the spectra of the Sun and of the standard tungsten lamp with the same equipment. Only one additional optical component, a collimating mirror, was introduced when observing the lamp. A careful investigation of optical and electronical units was made: polarization of light on coelostat mirrors at different falling angles, reflectivity of the collimating mirror, linearity of the detecting equipment, etc. Two standard lamps were used, their flux distribution was compared with that of standard lamps at other institutions, for example, at the at the World Radiation Center (Davos). During solar observations, the constancy of the atmospheric extinction was controlled by the observations of sunglow. For the reductions only sufficiently long (2-3 hours) time intervals with stable extinction were used. The coefficient of transmittance was determined by the Bouguer method, however, using several tens of observations distributed in time and in wavelengths. Since the Kiev investigation has been made very carefully, when forming the average we ascribed it weight 2, while giving weight 1 to the remaining studies.
The Kiev data are published with a step and a bin of 1 nm and correspond to the center of the solar disk. Before averaging with other data, they were reduced to irradiances by using Table 1 for a bin of 5 nm. A weighted mean of the results of five investigations (Arvesen et al. 1969; Neckel & Labs 1984; Lockwood et al. 1992; Burlov-Vasiljev et al. 1995 , 1996 has been formed in the 330-850 nm interval. At longer wavelengths only four sources (without Lockwood et al.) were used.
In the 300-330 nm range we have used the results of extraatmospheric observations given in Table 3 of Labs et al. (1987) . The data were reduced to 5 nm bins and shifted to the mean curve using the overlapping interval 330-355 nm. After that these data were used for correction of the mean curve derived by averaging data of the five sources.
The mean flux distribution of the Sun is given in Table 3 in the form of irradiancies 5(A). Other quantities, the mean radiance of the disk F{\) and the radiance of its center /(A, 0), both of them for the quasi-continuum and the integral spectrum, can be derived from 5(A) and the Table 1 data. Table 3 gives only -Fi nt (A) and I con t(A, 0).
The 1.0-2.6 /xm range
First of all, in this wavelength range we have used the results of observations by A. K. Pierce and R. Peyturaux joined together and published by Pierce (1954) . They embrace the interval 0.9-2.6 //m and are given for the continuum at the disk center in the relative units with the 100 nm step. We have reduced the data from /(A,0) to 5(A), using the limb darkening coefficients from Table 2. After that the data were absolutized to the scale of Table 3 using the fluxes at two common wavelengths, 900 and 950 nm.
The second source of 5(A) used in this spectral range, was the investigation of Arvesen et al. (1969) in which the data are given up to 2.4 fim with different steps and bin sizes, all being smaller than 5 nm. After binning these data to 100 nm, we have averaged their results with the reduced data of Pierce and Peyturaux. Although the last data correspond to the continuum and the data of Arvesen et al. -to the integral spectrum, this difference can be neglected in the infrared and with the 100 nm bin size. Such mean 5(A) curve with the 100 nm bins gave us the scale of absolutization. After that the data of Arvesen et al. were reduced to this scale with 20 nm bins. The results are given in Table 4 . Their accuracy is estimated to be 3-5 % from the differences between both series of observations. 3.2.3. The 3.0-1000 fim range Radiation fluxes in this spectral range are given in Table 5 . In MKK-91 they are obtained by averaging 28 different determinations in various wavelengths of this spectral range. The data of MKK-91 are given without changes.
SPECTRAL REGION A < 300 NM
4-1. General remarks
The radiation data of the Sun short of 300 nm are based on the results obtained from satellites and rockets. It is known that radiation of the Sun in the far ultraviolet and X-ray regions exhibits strong variations related with solar activity. Therefore, we decided to present data in this spectral range for minimum and maximum solar activity. It has been decided to characterize the solar activity level by the index F10.7, the flux of radio waves at A = 10.7 cm. This index is being measured in the SFU units: F10.7 = 1 SFU corresponds to the flux of 1 x 10 -22 Wm -2 Hz -1 at 10.7 cm. The measurements used and their errors are described in detail in MKK-91. In the present work we have used additional new data from the satellites SME, San Marco, NOAA-9 and 11, UARS, ELECTRO and rockets (see the reviews Rottman et al. 1994 , Cebula et al. 1994 , White 1994 , Nussinov 1992 , Schmidtke 1992 , Aschwaden 1994 . Only some explanations will be given here, which are important in using the tables.
4-2. Intensity distribution on the solar disk
Investigation of the radiation intensity across the solar disk in the far ultraviolet and X-ray regions is considerably complicated by the influence of variable structural features in the solar atmosphere. For A > 155 nm radiation intensity diminishes from the center (cos 6 = 1) to the edge of the disk, however, for shorter wavelengths the opposite effect is observed -at A = 146 nm the limb is brighter by a factor of two than the center. In this case, there is a probable influence of chromospheric emission lines, since at A = 158 nm there is a transition region of the radiation from photosphere to chromosphere (Samain 1979) . Table 6 gives the limb darkening data in quasi-continuum for a spectral range of 146-300 nm with bin sizes of 5 nm. The Table is based on satellite and rocket results (Moe & Milone 1978 , Samain 1979 , Bonnet 1968 and Kohl et al. 1980 as well as on the MKK-91 data.
4-3. Spectral flux distribution in A < 300 nm range
The spectral intervals of 120-300 nm and <120 nm are considerably different both by the character of the spectrum and by the scale of variations.
4.3.1. The A < 120 nm range This spectral range was described in detail by Timothy (1977) on the base of observations completed until 1975. Our book MKK-91 gives a description and analysis of measurements on many satellites and rockets, including AE-E (Hinteregger 1981 , San Marco (Schmidtke et al. 1992 ) and others. The data on flux distribution for two levels of solar activity are given in Tables  7 and 8. Table 7 presents the fluxes 5(A) in the spectrum for 5 nm bins, and Table 8 presents the fluxes of the brightest emission lines. All fluxes are given for the 1 AU distance from the Sun outside the atmosphere. The "minimum" corresponds to F10.7 = 68 SFU and the "maximum" corresponds to F10.7 = 243 SFU. The data were obtained by the American AE-E satellite (Hinteregger 1981 . The spectra obtained with the satellite are absolutized by measurements with two sounding rockets lounched on April 23, 1974 and August 13, 1979 . For the spectral range A < 15 nm Table 7 presents the rocket data revised by Torr (1983) and by Ivanov-Kholodny & Nussinov (1987) . Woods et al. (1998) demonstrate the minimum solar irradiance spectrum in A = 0.5-79.5 nm, which is not very different from Table 7 data.
The 120-340 nm range
For this range of the spectrum Mentall & Williams (1988) have made an analysis of measurements, obtained with the SME and Nimbus-7 satellites and with seven sounding rockets. Flux differences, obtained with different instruments at different solar activity levels do not exceed 10-15%. This corresponds to the errors of absolute calibration. In Table 9 we give the measurement results with one of the seven sounding rockets on May 17, 1982, at the "medium" level of solar activity F10.7 = 139 SFU (Mount & Rottman 1983) . Table 10 presents the fluxes of the brightest emission lines in this spectral range.
4.3.3. The A < 10 nm range X-ray radiation of the Sun depends strongly on the level of solar activity and on the presence of active regions on the disk. Consequently, mean data in this case are useless. Additionally, measurements of X-ray fluxes are affected by considerable errors: from 20 % to a factor of 2. Table 11 gives the spectral flux distribution for the "background" X-ray radiation, i.e. without active regions, at the medium level of solar activity F 10.1 = 139 SFU according to Ivanov et al. (1987) . 6 . Binning intervals are: 0.5 ¡1 m for 3.0< A <15 fim, 1 /im for 15< A <25 ¡xm, 5 /im for 25< A <50 fj,m, 10 fim for 50< A <100 fim, 50 ¿mi for 100 < A <300 (im and 100 ^m for A >300 (J,m. 
